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^Transmission Beam Selection Method 
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Background of the Invention 

The present invention relates to an array 
antenna transmitter/receiver which suppresses 
interference with another user by control of antenna 
10 directivity and, more particularly, to a multi-beam 
antenna transmit ter /receiver , transmitting/receiving 
method, and transmission beam selection method which 
select transmission/reception directivity from a 
plurality of fixed directional patterns (multi beams). 
15 In a cellular mobile communication system and 

the like, it has been examined to apply a method of 
forming a directional pattern (beam) which increases the 
transmission/reception gain in a desired signal 
direction and decreases it in another direction by using 
20 an array antenna transmitter/receiver including a 
plurality of antenna elements for the purpose of a 
higher- speed, higher -quality signal and a larger 
subscriber capacity. One of such methods is a 
multi-beam method of selecting a transmission/reception 
25 beam from a plurality of fixed directional patterns 
(multi beams). 

As disclosed in, e.g., "Multi-Beam Antenna 
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System for Radio Base Station" (Japanese Patent 
Laid-open No. 11-266228), a multi-beam antenna 
transmitter /receiver of this type selects and receives a 
reception beam having a delay path excellent in 
5 reception quality from a plurality of fixed reception 
beams in reception. In transmission, the multi-beam 
antenna transmitter/receiver selects and transmits a 
transmission beam in the same direction as that of a 
path delay/reception beam number pair excellent in 

10 reception quality from path delay/reception beam number 
pairs selected upon reception. 

Fig. 7 is a block diagram showing an example 
of a conventional multi-beam antenna 
transmitter/receiver. The conventional .multi-beam 

15 antenna transmitter /receiver comprises a reception array 
antenna 201, an antenna 1 radio reception unit 203i to 
antenna N radio reception unit 203n corresponding to 
reception antenna elements 202i to 202n, a reception 
beam 1 formation unit 204i to reception beam M formation 

20 unit 204m (to be also referred to as reception beam 

formation units 204), a user 1 demodulation block 205i 
to user L demodulation block 205l (to be also referred 
to as user demodulation blocks 205), a user 1 modulation 
unit 2 111 to user L modulation unit 211l, a user 1 

25 transmission beam switching circuit 212i to user L 

transmission beam switching circuit 212l, a transmission 
beam 1 formation unit 213i to transmission beam J 
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formation unit 213j, an antenna 1 radio transmission 
unit 214i to antenna K radio transmission unit 214k 
corresponding to transmission antenna elements 216i to 
216k, and a transmission array antenna 215. 
5 The reception array antenna 201 Is formed from 

the N reception antenna elements 202i to 202n. Each of 
the reception antenna elements 202i to 202n Is free from 
any limitation on the horizontal and vertical 
directivities, and has, for example, omnldlrectlvlty or 

10 dlpole. The N reception antenna elements 202i to 202n 
are arranged close to each other so as to correlate the 
reception signals of the antenna elements with each 
other. The reception array antenna 201 Is not limited 
In the number of reception antenna elements and their 

15 layout as far as the N reception antenna elements 202i 

to 202n are arranged close to each other. An example of 
the layout Is a circular layout or linear layout at the 
half -wavelength Interval of the carrier. 

Signals received by the N reception antenna 

20 elements 202i to 202n contain desired user signal 

components. Interference signal components, and thermal 
noise. Each of the desired user signal component and 
Interference signal component contains multlpath 
components. In general, these signal components 

25 (desired user signal component and Interference signal 
component) arrive from different directions. Thus, 
pairs of path delays and reception beam numbers (path 
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delays /reception beam numbers) of desired user signals 
exist • 

Each of the antenna 1 radio reception unit 
203i to antenna N radio reception unit 203n comprises a 
5 low-noise amplifier, bandpass filter, mixer, local 
oscillator, AGC (Auto Gain Controller), quadrature 
detector, low-pass filter, analog/digital converter, and 
the like. The antenna 1 radio reception unit 203i will 
be taken as an example. The antenna 1 radio reception 

10 unit 203i receives an output from the reception antenna 
element 202i, performs reception processes such as 
amplification of an input signal, frequency conversion 
from the radio band to the baseband, quadrature 
detection, and analog/digital conversion, and outputs 

15 the resultant signal to the reception beam 1 formation 
unit 204i to reception beam M formation unit 204m* 

The reception beam 1 formation unit 204i to 
reception beeun M formation unit 204m receive outputs 
from the antenna 1 radio reception unit 203i to antenna 

20 N radio reception unit 203n, form fixed reception beams 
different between the respective reception beam 
formation units for the Input signals, and output the 
beams to the user 1 demodulation block 205i to user L 
demodulation block 205l. The number of fixed reception 

25 beams, the shape of the fixed reception beam, and the 
fixed reception beam formation method are not 
specifically limited. An example of the shape of the 
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fixed reception beam Is a quadrature mult I-beam, and an 
example of the fixed reception beam formation method Is 
a method of multiplying Input signals by a fixed complex 
beam weight by digital calculation and calculating the 
5 sum (digital beam forming). In Fig. 7, the reception 
beam 1 formation unit 204i to reception beeun M formation 
unit 204m sltb arranged on the output side of the antenna 
1 radio reception unit 203i to antenna N radio reception 
unit 203n, and form beams for digital signals of the 

10 baseband. A beam formation method In the radio band 
such as Butler matrix can also be adopted. 

The reception beam 1 formation unit 204i to 
reception beam M formation unit 204m form fixed 
reception beams different between the respective 

15 reception beam formation units 204 for Input signals 
containing the components of all user signals (user 1 
signal to user L signal) and the multlpath components of 
the user signals, and demultiplex the Input signals In 
respective arrival directions. 

20 Each of the user 1 demodulation block 205i to 

user L demodulation block 205l Is formed from a 
reception beam 1 path detection unit 206i to reception 
beam M path detection unit 206m, a path delay/reception 
beam selection unit 207, a transmission beeim selection 

25 unit 209, and a demodulation unit 210. 

The user 1 demodulation block 205i to user L 
demodulation block 205l output user 1 reception data to 
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user L reception data (user reception data) in 
correspondence with respective users. Since the user 
demodulation blocks 205 have the same function, the user 
1 demodulation block 205i will be exemplified. 
5 The user 1 demodulation block 205i receives 

outputs from the reception beam 1 formation unit 204i to 
reception beam M formation unit 204m, and outputs a user 
1 transmission beam number and user 1 reception data. 

The reception beam 1 path detection unit 206i 

10 to reception beam M path detection unit 206m receive 

outputs from the reception beam 1 formation unit 204i to 
reception beam M formation unit 204m, detect the path 
delays of user signals in the input signals, measure the 
reception qualities of the user signals at the detected 

15 path delays, and output reception quality information to 
the path delay/reception beam selection unit 207. Input 
signals and the user 1 signal to user L signal are 
multiplexed, and the multipath components of the user 
signals by propagation delays are also multiplexed. 

20 The reception beam 1 path detection unit 206i 

to reception beam M path detection unit 206m can also 
detect paths and measure the reception qualities of user 
signals at the detected path delays by using only a 
known symbol (pilot symbol or the like) of the user 

25 signal. 

The path delay/reception beeun selection unit 
207 receives pieces of reception quality information of 
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user signals corresponding to path delays /reception beam 
numbers as outputs from the reception beam 1 path 
detection unit 206i to reception beam M path detection 
unit 206m • The path delay /reception beam selection unit 
5 207 selects a path delay/reception beam number pair used 
for demodulation on the basis of the reception quality 
of the user signal, and outputs reception quality 
Information of a user signal corresponding to the 
selected path delay/reception beam number to the 
10 transmission beeun selection unit 209 and demodulation 
unit 210. 

The transmission beam selection unit 209 
receives the reception quality Information of the user 
signal corresponding to the path delay/reception beam 

15 number as an output from the path delay/ reception beam 
selection unit 207, and outputs the number of a 
transmission beam In the same direction as that of a 
reception beeun having the delay path excellent In 
reception quality to the user 1 transmission beam 

20 switching circuit 212i. 

The number of selected transmission beams Is 
generally smaller than the number of path 
delay/reception beam number pairs used for demodulation. 
In many cases, the number of transmission beams Is 1 In 

25 order to reduce Interference with another user by 
transmission of a plurality of beams. 

The demodulation unit 210 receives the 
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reception quality information of the user signal 
corresponding to the path delay/ reception beam number as 
an output from the path delay/reception beam selection 
unit 207, performs a demodulation process on the basis 
5 of the input path delay/reception beam number, and 
outputs user 1 reception data. 

The user 1 modulation unit 211i to user L 
modulation unit 211l respectively receive user 1 
transmission data to user L transmission data (user 

10 transmission data), perform a modulation process, and 

output the modulated signals to the user 1 transmission 
beam switching circuit 212i to user L transmission beam 
switching circuit 212l- 

The user 1 transmission beam switching circuit 

15 212i to user L transmission beam switching circuit 212l 
receive the user 1 transmission beam number to user L 
transmission beam number as outputs from the 
transmission beam selection units 209 for respective 
users, and the modulated user signals as outputs from 

20 the user 1 modulation unit 211i to user L modulation 
unit 211l. The user 1 transmission beam switching 
circuit 212i to user L transmission beam switching 
circuit 212l select transmission beam formation units 
corresponding to the transmission beam numbers for the 

25 users from the transmission beeim 1 formation unit 213i 
to transmission beam J formation unit 213j, and output 
the modulated user signals to the selected transmission 
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beam formation units. 

The transmission beam 1 formation unit 213i to 
transmission beam J formation unit 213j receive outputs 
from the user 1 transmission beam switching circuit 212i 
5 to user L transmission beam switching circuit 212l, form 
fixed transmission beams different between the 
transmission beam 1 formation unit 213i and transmission 
beam J formation unit 213j for the Input signals, and 
output the fixed transmission beams to the antenna 1 

10 radio transmission unit 214i to antenna K radio 
transmission unit 214k. The number of fixed 
transmission beams, the shape of the fixed transmission 
beam, and the fixed transmission beam formation method 
are not specifically limited. An excunple of the shape 

15 of the fixed transmission beam Is a quadrature 

multi-beeim, and an example of the fixed transmission 
beam formation method Is a method of multiplying Input 
signals by a fixed complex beam weight by digital 
calculation (digital beam forming). In Fig. 7, the 

20 transmission beam 1 formation unit 213i to reception 
beam J formation unit 213 j are arranged on the input 
side of the antenna 1 radio transmission unit 214i to 
antenna K radio transmission unit 214k, and form becims 
for digital signals of the baseband. A beam formation 

25 method in the radio band such as Butler matrix can also 
be adopted. 

Each of the antenna 1 radio transmission unit 
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214i to antenna K radio transmission unit 214k comprises 
an amplifier, bandpass filter, mixer, local oscillator, 
quadrature modulation, low-pass filter, digital/analog 
converter, and the like. The antenna 1 radio 
5 transmission unit 214i will be exemplified. The antenna 
1 radio transmission unit 214i receives outputs from the 
transmission beam 1 formation unit 213i to transmission 
beam J formation unit 213j, performs reception processes 
such as digital/analog conversion of an Input signal, 

10 quadrature modulation, frequency conversion from the 
baseband to the radio band, and amplification of a 
signal, and outputs the resultant signal to the 
transmission antenna element 216i. 

The transmission array antenna 215 Is formed 

15 from the K transmission antenna elements 216i to 216k* 
Each of the transmission antenna elements 216i to 216k 
Is free from any limitation on the horizontal and 
vertical directivities, and has, for example, 
omnldlrectlvlty or dlpole. The K transmission antenna 

20 elements 216i to 216k are arranged close to each other 
so as to correlate the transmission signals of the 
antenna elements with each other. The transmission 
array antenna 215 Is not limited In the layout as far as 
the K reception antenna elements 216i to 216k are 

25 arranged close to each other. An example of the layout 
Is a circular layout or linear layout at the 
half -wavelength Interval of the carrier. 
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The K transmission antenna elements 216i to 
216k receive and transmit signals In which user signals 
(user 1 signal to user L signal) by transmission beams 
as outputs from the antenna 1 radio transmission unit 
5 214i to antenna K radio transmission unit 214k are 
multiplexed. 

The conventional mult I-beam 
transmitter/receiver shown in Fig. 7 selects and 
receives a reception beam having a delay path excellent 

10 In reception quality from a plurality of fixed reception 
beams In reception. In transmission, the multi-beam 
transmitter/receiver selects and transmits a 
transmission becun In the same direction as that of a 
path delay/reception beam number pair excellent In 

15 reception quality from path delay /reception beam number 
pairs selected upon reception. With this process, the 
multi-beam transmitter/receiver can form a beam which 
Increases the transmission/reception gain In a desired 
signal direction and decreases it in another direction. 

20 A problem of the conventional multi-beam 

antenna transmitter/receiver as shown in Fig. 7 is 
deterioration of the transmission characteristic. This 
is because a transmission beam in the same direction as 
that of a path delay/reception beam number pair 

25 excellent in reception quality is selected from path 
delay/reception beam number pairs selected upon 
reception, and a transmission beam optimum in the 



- 11 - 



multlpath environment cannot be selected. In the 
multlpath environment, the user signal component 
contains a plurality of multlpath components. These 
signal components generally arrive from different 
5 directions, and each reception beam contains a plurality 
of multlpath components. 

The conventional mult I-beam antenna 
transmitter/receiver selects a transmission beam in the 
same direction as that of a path delay/reception beam 

10 number pair excellent in reception quality from path 
delay/reception beam number pairs selected upon 
reception. When the overall reception qualities of 
reception beams are compared, a reception beam different 
from a selected reception beam may exhibit a higher 

15 overall reception quality. The overall reception 

quality is prepared by calculating (e.g., adding) some 
or all of the reception qualities of multlpath 
components (path delays) contained in a reception beam. 
An optimum transmission beam is a transmission beam in a 

20 direction in which the transmission beam coincides with 
(is Identical to) or is close to a reception beam 
excellent in overall reception quality. The 
conventional multi-beam antenna transmitter/receiver 
cannot select any transmission beam optimum in the 

25 multlpath environment. 

This will be expatiated with reference to 
numerical values, but the present Invention is not 
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limited to these values . 

Assiime that the path delay/reception beam 
selection unit 207 selects two upper pairs (pair a and 
pair b) from the following four path delay/reception 
5 becun number pairs. 

Reception quality of pair a (path delay 
a/receptlon beam 1): 10 

Reception quality of pair b (path delay 
b/receptlon beam 2): 8 
10 Reception quality of pair c (path delay 

c/receptlon beeun 2): 5 

Reception quality of pair d (path delay 
d/receptlon beam 1): 1 

At this time. If the transmission beam 
15 selection unit 209 selects one transmission beam, the 
conventional multi-beam antenna transmitter/receiver 
shown In Fig. 7 compares the reception qualities of 
pairs a and b (10 > 8), and selects a transmission beam 
In the same direction as reception beeun 1. However, 
20 reception beam 2 has a higher overall reception quality 
obtained by calculating reception qualities for each 
reception beam (overall reception quality of reception 
beam 1 = 10 + 1 < overall reception quality of reception 
beam 2=8+5). The conventional multi-beam antenna 
25 transmitter/receiver cannot select an actually optimum 
transmission beam. 
Summary of the Invention 
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It Is an object of the present invention to 
provide a multi-beam antenna transmitter /receiver , 
transmitting/receiving method, and transmission beam 
selection method which select an optimum transmission 
5 beam even in the multipath environment and attain an 
excellent transmission characteristic and circuit 
quality. 

To achieve the above object, a multi-beam 
antenna transmitter/receiver according to the present 

10 invention is characterized by having a plurality of 

reception beams and a plurality of transmission be£ims, 
and selecting the transmission beam on the basis of 
overall reception qualities calculated from reception 
qualities of path delays of user signals present in the 

15 plurality of reception beams. 

The reception beam may be selected on the 
basis of the overall reception quality, and the 
transmission beam having a direction which coincides 
with or is close to a direction of the selected 

20 reception beam may be selected. 

Reception power or an SIR (Signal to 
Interference Ratio) may be used as an index of the 
reception quality. 

The mult i -beam antenna transmitter /receiver 

25 may comprise a reception array antenna in which a 

reception antenna element is arranged, radio reception 
means for receiving an output from the reception antenna 
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element, performing a reception process for an input 
signal, and outputting the signal, reception beam 
formation means for receiving an output from the radio 
reception means and forming a reception beam, user 
5 demodulation means for receiving an output from the 

reception beam formation means, calculating an overall 
reception quality for a path delay/reception beam number 
of a user signal present in the reception beam to output 
a user transmission beam number, and outputting user 

10 reception data using the path delay /reception beam 
number, user modulation means for receiving user 
transmission data, performing a modulation process, and 
outputting a modulated user signal, user transmission 
beam switching means for receiving the user transmission 

15 beam number and the modulated user signal, and 

outputting the modulated user signal so as to form a 
transmission beam corresponding to the user transmission 
beam number, transmission beam formation means for 
receiving an output from the user transmission beam 

20 switching means, and forming the transmission beam, 

radio transmission means for receiving an output from 
the transmission beam formation means, performing a 
transmission process for an input signal, and outputting 
the signal, and a transmission array antenna in which a 

25 transmission antenna element for transmitting an output 
from the radio transmission means is arranged. 

The user demodulation means may comprise 
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reception beam path detection means for detecting a path 
delay for each user from an output from the reception 
beam formation means, and outputtlng the path 
delay/reception beam number, path delay/reception beam 
5 selection means for selecting the path delay/reception 
beeim number used for demodulation on the basis of a 
reception quality of a user signal corresponding to the 
path delay/reception beam number as an output from the 
reception beam path detection means, demodulation means 

10 for performing demodulation using the path 

delay/ reception beam number notified by the path 
delay/reception beam selection means, reception beam 
calculation means for calculating an overall reception 
quality of a user signal for each reception beam from 

15 the reception quality of the user signal corresponding 
to the path delay/reception beam number as an output 
from the reception beam path detection means, and 
transmission beam selection means for selecting the 
transmission beam on the basis of the overall reception 

20 quality of the user signal for each reception beam that 
Is notified by the reception beam calculation means, and 
notifying the user transmission beam switching means of 
the transmission beam. 

The reception beam calculation means may use 

25 reception power as an Index of the reception quality and 
calculate overall reception power as the overall 
reception quality when the overall reception quality of 
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the user signal for each reception beam Is calculated 
from the reception quality of the user signal 
corresponding to the path delay/reception beeun nvmiber as 
an output from the reception beam path detection means. 
5 The reception beam calculation means may use 

SIR as an index of the reception quality and calculate 
overall SIR as the overall reception quality when the 
overall reception quality of the user signal for each 
reception beam is calculated from the reception quality 

10 of the user signal corresponding to the path 

delay/reception beam number as an output from the 
reception beam path detection means. 

The reception beam calculation means may 
calculate the overall reception quality of the user 

15 signal for each reception beam by using a reception 
quality corresponding to a path delay/reception beam 
number selected on the basis of a predetermined 
criterion when the overall reception quality of the user 
signal is calculated for each reception beam from the 

20 reception quality of the user signal corresponding to 
the path delay/reception beam number as an output from 
the reception beam path detection means. 

The reception beam calculation means may 
select P (P is an integer of not less than 2) upper path 

25 delays /reception beam numbers excellent in reception 

quality as the path delay/reception beam number selected 
on the basis of the predetermined criterion. 
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The reception beam calculation means may 
select, as the path delay/reception beeun number selected 
on the basis of the predetermined criterion, a maximum 
of Q (Q Is an Integer of not less than 2) path 
5 delays/reception beam numbers with which the reception 
quality satisfies a predetermined reception quality 
criterion • 

The reception beam calculation means may use 
the path delay/reception beam number selected by the 

10 path delay/reception beeun selection means as the path 

delay/reception beeun number selected on the basis of the 
predetermined criterion. 

The mult I-beam antenna transmitter /receiver 
may comprise means for forming the plurality of 

15 reception beams, means for forming the plurality of 

transmission beams, means for calculating the overall 
reception qualities for the respective reception beams 
by adding values of the reception qualities for the path 
delays of the user signals, and means for selecting a 

20 reception beam excellent in overall reception quality 
and selecting a transmission beam having a direction 
which coincides with or is close to a direction of the 
selected reception beeun. 

A multi-beam antenna transmitting/receiving 

25 method according to the present invention is 

characterized by having a plurality of reception beams 
and a plurality of transmission beams, and selecting the 
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transmission beam on the basis of overall reception 
qualities calculated from reception qualities of- path 
delays of user signals present In the plurality of 
reception beams . 
5 The reception beam may be selected on the 

basis of the overall reception quality, and the 
transmission beam having a direction which coincides 
with or Is close to a direction of the selected 
reception beam may be selected. 

10 Reception power or an SIR (Signal to 

Interference Ratio) may be used as an Index of the 
reception quality. 

The multi-beam antenna transmitting/receiving 
method may comprise the radio reception step of 

15 receiving an output from a reception antenna element 
which forms a reception array antenna, performing a 
reception process for an Input signal, and outputtlng 
the signal, the reception beam formation step of 
receiving an output from the radio reception step and 

20 forming a reception beam, the user demodulation step of 
receiving an output from the reception beam formation 
step, calculating an overall reception quality for a 
path delay/re^eptlon beeun number of a user signal 
present In the reception beeun to output a user 

25 transmission beam number, and outputtlng user reception 
data using the path delay/reception beam number, the 
user modulation step of receiving user transmission data. 
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performing a modulation process, and outputtlng a 
modulated user signal, the user transmission beam 
switching step of receiving the user transmission beam 
number and the modulated user signal, and outputtlng the 
5 modulated user signal so as to form a transmission beam 
corresponding to the user transmission beam number, the 
transmission beam formation step of receiving an output 
from the user transmission beeun switching step, and 
forming the transmission beeun, and the radio 

10 transmission step of receiving an output from the 
transmission beam formation step, performing a 
transmission process for an Input signal, and outputtlng 
the signal to a transmission antenna element which forms 
a transmission array antenna. 

15 The user demodulation step may comprise the 

reception beam path detection step of detecting a path 
delay for each user from an output from the reception 
beam formation step, and outputtlng the path 
delay/reception beam number, the path delay/reception 

20 beam selection step of selecting the path 

delay/reception beam number used for demodulation on the 
basis of a reception quality of a user signal 
corresponding to the path delay/reception beeun number as 
an output from the reception beam path detection step, 

25 the demodulation step of performing demodulation using 
the path delay/reception beam number notified in the 
path delay/reception beam selection step, the reception 
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beam calculation step of calculating an overall 
reception quality of a user signal for each reception 
beam from the reception quality of the user signal 
corresponding to the path delay/reception beam number as 
5 an output from the reception beam path detection step, 
and the transmission beam selection step of selecting 
the transmission beam on the basis of the overall 
reception quality of the user signal for each reception 
beam that is notified in the reception beeun calculation 

10 step, and notifying the user transmission beam switching 
step of the transmission beam. 

In the reception beam calculation step, 
reception power may be used as an index of the reception 
quality, and overall reception power may be calculated 

15 as the overall reception quality when the overall 

reception quality of the user signal for each reception 
beam is calculated from the reception quality of the 
user signal corresponding to the path delay/reception 
beam number as an output from the reception beam path 

20 detection step. 

In the reception beam calculation step, SIR 
may be used as an index of the reception quality, and 
. overall SIR may be calculated as the overall reception 
quality when the overall reception quality of the user 

25 signal for each reception beam is calculated from the 
reception quality of the user signal corresponding to 
the path delay/ reception beam number as an output from 
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the reception beam path detection step. 

In the reception beam calculation step, the 
overall reception quality of the user signal may be 
calculated for each reception beeun by using a reception 
5 quality corresponding to a path delay/reception beam 
number selected on the basis of a predetermined 
criterion when the overall reception quality of the user 
signal Is calculated for each reception beam from the 
reception quality of the user signal corresponding to 

10 the path delay /reception beeim number as an output from 
the reception beam path detection step. 

In the reception beam calculation step, P (P 
Is an Integer of not less than 2) upper path 
delays /reception beam numbers excellent In reception 

15 quality may be selected as the path delay /reception beam 
number selected on the basis of the predetermined 
criterion. 

In the reception beam calculation step, a 
meixlmum of Q (Q Is an Integer of not less than 2) path 
20 delays/reception beam numbers with which the reception 
quality satisfies a predetermined reception quality 
criterion may be selected as the path delay/reception 
beam number selected on the basis of the predetermined 
criterion . 

25 In the reception beam calculation step, the 

path delay/reception beam number selected In the path 
delay/reception beam selection step may be used as the 
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path delay/ reception beam niimber selected on the basis 
of the predetermined criterion. 

The multi-beam antenna transmitting/receiving 
method may comprise the step of calculating the overall 
5 reception qualities for the respective reception beams 
by adding values of the reception qualities for the path 
delays of the user signals, and the step of selecting a 
reception beam excellent In overall reception quality 
and selecting a transmission beam having a direction 

10 which coincides with or Is close to a direction of the 
selected reception beam. 

A transmission beam selection method according 
to the present Invention Is characterized by selecting a 
transmission beam on the basis of overall reception 

15 qualities calculated from reception qualities of path 
delays of user signals present in reception beams . 

The reception beam may be selected on the 
basis of the overall reception quality, and the 
transmission beeim having a direction which coincides 

20 with or Is close to a direction of the selected 
reception beam may be selected. 

A base station according to the present 
Invention Is characterized by comprising the 
above-described multi-beam antenna transmitter /receiver . 

25 A mobile station according to the present invention is 
characterized by comprising the above -described 
mult I-beam antenna transmit ter /receiver . 
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Brief Description of Drawings 

Fig. 1 is a block diagram showing an 
embodiment of a mult i -beam antenna transmitter /receiver 
according to the present invention; 
5 Fig. 2 is a view for explaining selection of a 

transmission beam; 

Fig. 3 is a reception quality table; 

Fig. 4 is a beam number correspondence table; 

Fig. 5 is a flowchart showing a multi-beam 
10 antenna transmitting/receiving method according to the 
present invention ; 

Fig. 6 is a flowchart showing the user 
demodulation step of the mult i- beam antenna 
transmitting/receiving method according to the present 
15 invention; and 

Fig. 7 is a block diagram showing an example 
of a conventional multi-beam antenna 
transmit ter /receiver . 

Detailed Description of the Embodiment 

20 An embodiment of the present invention will be 

described in detail with reference to the accompanying 
drawings. In the following description, the number of 
users is L (L is an integer of 1 or more), the number of 
reception antenna elements is N (N is an integer of 1 or 

25 more), the number of reception beams is M (M is an 

integer of 1 or more), the number of transmission beams 
is J ( J is an integer of 1 or more ) , and the number of 
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transmission antenna elements Is K (K Is an Integer of 1 
or more). Hence, users are user 1 to user L, and L user 
signals are a user 1 signal to user L signal. Reception 
beams are reception beam 1 to reception beam M, and 
5 transmission beams are transmission beam 1 to 
transmission beam J. A multi-beam antenna 
transmitter/receiver having these settings will be 
explained. 

Referring to Fig. 1, the multi-beam antenna 

10 transmitter/receiver according to the present Invention 
comprises a reception array antenna 101, reception 
antenna elements 102i to 102n which form the reception 
array antenna 101, an antenna 1 radio reception unit 
103i to antenna N radio reception unit 103n (to be also 

15 referred to radio reception units 103) corresponding to 
the reception antenna elements 102i to 102n, a reception 
beam 1 formation unit 104i to reception beam M formation 
unit 104m (to be also referred to as reception beam 
formation units 104), a user 1 demodulation block 105i 

20 to user L demodulation block 105l (to be also referred 

to as user demodulation blocks 105), a user 1 modulation 
unit nil to user L modulation unit IIIl (to be also 
referred to as user modulation units 111), a user 1 
transmission beeim switching circuit 112i to user L 

25 transmission beam switching circuit 112l (to be also 

referred to as user transmission beam switching circuits 
112), a transmission beam 1 formation unit 113i to 



- 25 - 



transmission beam J formation unit 113j (to be also 
referred to as transmission beam formation units 113), 
an antenna 1 radio transmission unit 114i to antenna K 
radio transmission unit 114k (to be also referred to as 
5 radio transmission units 114) corresponding to 
transmission antenna elements 116i to 116k# the 
transmission antenna elements 116i to 116k corresponding 
to the radio transmission units 114, and a transmission 
array antenna 115 formed from the transmission antenna 

10 elements 116i to 116k. 

Each of the reception antenna elements 102i to 
102n Is free from any limitation on the horizontal and 
vertical directivities, and has, for example, 
omnldlrectlvlty or dlpole. The N reception antenna 

15 elements 102i to 102n are arranged close to each other 
so as to correlate reception signals with each other. 
The reception array antenna 101 Is not limited In the 
number of reception antenna elements 102i to 102^ and 
their layout as far as the reception antenna elements 

20 102i to 102n are arranged close to each other. An 

example of the layout Is a circular layout or linear 
layout at the half -wavelength Interval of the carrier. 

Signals received by the reception antenna 
elements 102i to 102n contain desired user signal 

25 components. Interference signal components, and thermal 
noise. Each of the desired user signal component and 
Interference signal component contains multlpath 
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components. In general, these signal components 
(desired user signal component and Interference signal 
component containing multlpath components) arrive from 
different directions. Thus, path delay/reception beam 
5 number pairs of desired user signals exist. 

Each of the antenna 1 radio reception unit 
103i to antenna N radio reception unit 103h comprises a 
low-noise amplifier, bandpass filter, mixer, local 
oscillator, AGC (Auto Gain Controller), quadrature 

10 detector, low-pass filter, analog/digital converter, and 
the like. The antenna 1 radio reception unit 103i will 
be taken as an example. The antenna 1 radio reception 
unit 103i receives an output from the reception antenna 
element 102i, performs reception processes such as 

15 eunpllf Icatlon of an Input signal, frequency conversion 
from the radio band to the baseband, quadrature 
detection, and analog/digital conversion, and outputs 
the resultant signal to the reception beam 1 formation 
unit 104i to reception beam M formation unit 104m. 

20 The reception beam I formation unit 104i to 

reception beam M formation unit 104m receive outputs 
from the antenna 1 radio reception unit 103i to antenna 
N radio reception unit 103n, form fixed reception beams 
different between the respective reception beam 

25 formation units 104 for the input signals, and output 
the beams to the user 1 demodulation block 105i to user 
L demodulation block IOSl* The number of fixed 
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reception beams, the shape of the fixed reception beam, 
and the fixed reception beam formation method are not 
specifically limited. An example of the shape of the 
fixed reception beam is a quadrature multi-beeun, and an 
5 example of the fixed reception beam formation method is 
a method of multiplying input signals by a fixed complex 
beam weight by digital calculation and calculating the 
sum (digital beam forming). In Fig. 1, the reception 
beam 1 formation unit 104i to reception beam M formation 

10 unit 104m are arranged on the output side of the antenna 
1 radio reception unit 103i to antenna N radio reception 
unit 103n, and form beams for digital signals of the 
baseband. A beam formation method in the radio band 
such as Butler matrix can also be adopted. 

15 The reception beam 1 formation unit 104i to 

reception beam M formation unit 104m form fixed 
reception beams different between the respective 
reception beam formation units 104 for input signals 
containing the components of all user signals (user 1 

20 signal to user L signal) and the multipath components of 
the user signals, and demultiplex the input signals in 
respective arrival directions. 

Each of the user 1 demodulation block 105i to 
user L demodulation block 105l is formed from a 

25 reception beam 1 path detection unit 106i to reception 
beam M path detection unit 106m (to be also referred to 
as reception beam path detection units 106), a path 
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delay/reception beam selection unit 107, a reception 
beam 1 calculation unit 108i to reception beam M 
calculation unit 108m (to be also referred to as 
reception beam calculation units 108), a transmission 
5 beam selection unit 109, and a demodulation unit 110. 
The user 1 demodulation block 105i to user L 
demodulation block 105l output a user 1 transmission 
beam number to user L transmission beam number (user 
transmission beam numbers), and user 1 reception data to 

10 user L reception data (user reception data) • 

Of the user 1 demodulation block 105i to user 
L demodulation block 105l, the user 1 demodulation block 
105i will be exemplified. 

The user 1 demodulation block 105i receives 

15 outputs from the reception beam 1 formation unit 104i to 
reception beam M formation unit 104m, and outputs a user 
1 transmission beam number and user 1 reception data. 

The reception beam 1 path detection unit 106i 
to reception beeun M path detection unit 106m receive 

20 outputs from the reception beam 1 formation unit 104i to 
reception beam M formation unit 104m, detect the path 
delays of user signals in the input signals, measure the 
reception qualities of the user signals at the detected 
path delays, and output path delays, reception beam 

25 numbers, and the like to the path delay/ reception beam 
selection unit 107 and the reception beam 1 calculation 
unit 108i to reception beam M calculation unit 108m. 
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Input signals and the user 1 signal to user L signal are 
multiplexed, and the multlpath components of the user 
signals by propagation delays are also multiplexed. The 
user signal multiplexing method is not limited, and is, 
5 for example, TDMA (Time Division Multiple Access) or 
CDMA (Code Division Multiple Access). A method of 
demultiplexing a plurality of multiplexed user signals, 
a method of detecting the path delay of a multlpath 
component, and the number of detected path delays are 

10 not limited. Further, the index of the reception 

quality to be measured and the measurement method are 
not limited. Examples of the reception quality index 
are reception power (including reception level, 
reception field strength, and the like), and SIR (Signal 

15 to Interference Radio) . In addition to SIR, indices 
expressed by SINR (Signal to 

Interef erence-plus-Noisepower Ratio), SNR (Signal to 
Noise Ratio), and the like are also available. 

The reception beam 1 path detection unit 106i 

20 to reception becim M path detection unit 106m can also 

detect paths and measure the reception qualities of user 
signals at the path delays of the detected paths by 
using only a known symbol (pilot symbol or the like) of 
the user signal. 

25 The path delay /reception beam selection unit 

107 receives pieces of reception quality information of 
user signals corresponding to path delays /reception beam 
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numbers as outputs from the reception beam 1 path 
detection unit IO61 to reception beam M path detection 
unit 106m* The path delay/reception beam selection unit 
107 selects a path delay/reception beam number pair used 
5 for demodulation on the basis of the reception quality 
of the user signal, and outputs the selected path 
delay /reception beam number pair to the demodulation 
unit 110. 

A method of selecting a path delay/reception 

10 beam number pair used for demodulation Is not 

specifically limited. For excunple, A (A Is an Integer 
of 2 or more) upper pairs excellent In reception quality 
may be selected, or a maximum of B (B Is an Integer of 2 
or more) pairs which satisfy a predetermined reception 

15 quality criterion may be selected. 

The reception beam 1 calculation unit IO81 to 
reception beam M calculation unit 108m receive pieces of 
reception quality Information of user signals 
corresponding to path delays/reception beam numbers 

20 which correspond to reception beams and serve as outputs 
from the reception beam 1 path detection unit IO61 to 
reception beam M path detection unit 106m. The 
reception beam 1 calculation unit IO81 to reception beam 
M calculation unit 108m calculate the overall reception 

25 qualities of the user signals for the respective 

reception beams, and output the reception beam numbers 
and pieces of overall reception quality Information of 
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the user signals for the respective reception beams to 
the transmission beam selection unit 109 • The overall 
reception quality Is prepared by calculating (e.g., 
adding) some or all of the reception qualities of 
5 multlpath components (path delays) contained In a 
reception beam. 

The Index of the overall reception quality of 
a user signal that is calculated for each reception beam 
may be the reception power of a user signal 

10 corresponding to a path delay /reception beam number 
notified for each reception beam. 

The index of the overall reception quality of 
a user signal that is calculated for each reception beam 
may be the SIR of a user signal corresponding to a path 

15 delay/reception beam number notified for each reception 
beeim. 

The present Invention also Incorporates a 
method of calculating the overall reception quality of a 
user signal for each reception beam by using only the 

20 reception quality of a user signal corresponding to a 
path delay/reception beam number selected on the basis 
of a predetermined criterion in order to simplify 
calculation in calculating the overall reception quality 
of a user signal for each reception beam in the 

25 reception beam 1 calculation unit 108i to reception beam 
M calculation unit 108m. 

As the path delay/reception beam number 
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selected on the basis of a predetermined criterion, P (P 
Is an Integer of 2 or more) upper path delays /reception 
beam ntimbers excellent In the reception quality of the 
user signal may be used. 
5 As the path delay/reception beam number 

selected on the basis of a predetermined criterion, a 
meuclmum of Q (Q Is an Integer of 2 or more) path 
delays /reception beam numbers with which the reception 
quality of the user signal satisfies a predetermined 

10 reception quality criterion may be used. 

As the path delay/ reception beam number 
selected on the basis of a predetermined criterion, a 
path delay/reception beeun number selected by the path 
delay/ reception beam selection unit 107 may be used. 

15 As outputs from the reception beam 1 

calculation unit 108i to reception beam M calculation 
unit 108m# the transmission beam selection unit 109 
receives reception beam numbers and pieces of overall 
reception quality Information of user signals in the 

20 reception beams. The transmission beam selection unit 
109 outputs to the user 1 transmission beam switching 
circuit 112i a user 1 transmission beam ntimber to user L 
transmission beeim number having a direction in which the 
transmission beam number coincides with or is close to a 

25 reception beam number excellent in overall reception 
quality. 

The demodulation unit 110 receives reception 
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quality Information of a user signal corresponding to 
the path delay/ reception beam number as an output from 
the path delay/reception beam selection unit 107, 
performs a demodulation process on the basis of the 
5 input path delay/reception beam number, and outputs user 
1 reception data. 

The user 1 modulation unit llli to user L 
modulation unit IIIl respectively receive user 1 
transmission data to user L transmission data (user 

10 transmission data), perform a modulation process, and 
output a user 1 modulated signal to user L modulated 
signal (modulated user signals) to the user 1 
transmission beam switching circuit 112i to user L 
transmission beeun switching circuit 112l. 

15 The user 1 transmission beam switching circuit 

112i to user L transmission beam switching circuit 112l 
receive the user 1 transmission beam number to user L 
transmission beeim number as outputs from the 
transmission beam selection units 109 for respective 

20 users (user 1 to user L), and the user 1 modulated 

signal to user L modulated signal as outputs from the 
user 1 modulation unit llli to user L modulation unit 
IIIl- The user 1 transmission beam switching circuit 
112i to user L transmission beam switching circuit 112l 

25 select transmission beam formation units 113 

corresponding to the user transmission beam numbers for 
the users from the transmission beam 1 formation unit 
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113i to transmission beam J formation unit 113j, and 
output the modulated user signals to the selected 
transmission beam formation units 113. 

The transmission beam 1 fonnation unit 113i to 
5 transmission beam J formation unit 113j receive outputs 
from the user 1 transmission beam switching circuit 112i 
to user L transmission beam switching circuit 112l, form 
fixed transmission beams different between the 
transmission beam 1 formation unit 113i to transmission 

10 beam J formation unit 113j for the input signals, and 
output the fixed transmission beams to the antenna 1 
radio transmission unit 114i to antenna K radio 
transmission unit 114k. 

The number of fixed transmission beams, the 

15 shape of the fixed transmission beam, and the fixed 

transmission beam formation method are not specifically 
limited. An example of the shape of the fixed 
transmission beam is a quadrature multi-beam, and an 
example of the fixed transmission beam formation method 

20 is a method of multiplying input signals by a fixed 

complex beam weight by digital calculation (digital beam 
forming). In Fig. 1, the transmission beam 1 formation 
unit 113i to reception beam J formation unit 113j are 
arranged on the input side of the antenna 1 radio 

25 transmission unit 114i to antenna K radio transmission 
unit 114k# and form beams for digital signals of the 
baseband. A beam formation method in the radio band 
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such as Butler matrix can also be adopted. 

Each of the antenna 1 radio transmission unit 
114i to antenna K radio transmission unit 114k comprises 
an amplifier, bandpass filter, mixer, local oscillator, 
5 quadrature modulation, low-pass filter, digital/analog 
converter, and the like. The antenna 1 radio 
transmission unit 11 4i will be exemplified. The antenna 
1 radio transmission unit 114i receives outputs from the 
transmission beeun 1 formation unit 113i to transmission 

10 beeun J formation unit 113j, performs transmission 

processes such as digital/analog conversion of an Input 
signal, quadrature modulation, frequency conversion from 
the baseband to the radio band, and amplification of a 
signal, and outputs the resultant signal to the 

15 transmission antenna element 116i. 

The transmission array antenna 115 Is formed 
from the K transmission antenna elements 116i to 116k. 
Each of the transmission antenna elements 116i to 116k 
Is free from any limitation on the horizontal and 

20 vertical directivities, and has, for example, 

omnldlrectlvlty or dlpole. The transmission antenna 
elements 116i to 116k are arranged close to each other 
so as to correlate transmission signals with each other. 
The transmission array antenna 115 is not limited in the 

25 layout as far as the transmission antenna elements 116i 
to 116k sltb arranged close to each other. An example of 
the layout is a circular layout or linear layout at the 
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half -wavelength interval of the carrier. 

The transmission antenna elements II61 to 116k 
receive and transmit signals In which user signals by 
transmission becuns as outputs from the antenna 1 radio 
5 transmission unit 114i to antenna K radio transmission 
unit 114k are multiplexed. 

Selection of a reception beam number and 
selection of a transmission beam number will be 
explained In detail with reference to Figs. 2, 3 and 4. 

10 Fig. 2 Is a view for explaining selection of a 

transmission beam, and mainly Illustrates building 
components necessary for the description. Fig. 3 Is a 
reception quality table, and Fig. 4 Is a beam number 
correspondence table. Transmission beeun selection 

15 operation for user number 1 and reception beam numbers 1 
and 2 will be described In detail. Although Fig. 2 
shows reception beam 1 to reception beam M (reception 
beams), only reception beam 1 and reception beam 2 will 
be explained. 

20 The reception beam calculation unit 108 

calculates (e.g., adds) overall reception qualities from 
the reception qualities of user 1 signals for reception 
beam 1 and reception beam 2, as shown In Fig. 3. The 
reception beam calculation unit 108 outputs the 

25 reception beam numbers and the pieces of overall 

reception quality Information of the user 1 signals for 
the respective reception beams to the transmission beam 
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selection unit 109. Since a reception beam excellent In 
overall reception quality is reception beam 2, the 
transmission beam selection unit 109 selects "2" as the 
reception beam number. By referring to a becun number 
5 correspondence table 109i, the transmission beam 
selection unit 109 selects "1" as a corresponding 
transmission beam number in a direction in which the 
transmission beam coincides with or is close to 
reception beam 2. The transmission beam selection unit 

10 109 outputs the transmission beam number "1" to the user 
1 transmission beam switching circuit 112i« The user 1 
transmission beam switching circuit 112i switches to the 
transmission beam 1 formation unit 113i which forms 
transmission beam 1, and user 1 transmission data of 

15 user 1 is transmitted with the formed transmission beam 
1. 

The multi-beam antenna transmitter/receiver of 
the present invention can be employed in a base station 
and mobile station which form a mobile communication 
20 system. 

Fig. 5 is a flowchart showing a multi-beam 
antenna transmitting/receiving method according to the 
present invention. Fig. 6 is a flowchart showing the 
user demodulation step of the multi-beam antenna 
25 transmitting/receiving method according to the present 
invention. The multi-beam antenna 

transmitting/receiving method will be explained with 
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reference to Figs. 1, 5^ and 6. 

Outputs from the reception antenna elements 
102x to 102n which form the reception array antenna 101 
are received, and reception processes such as 
5 amplification of an input signal, frequency conversion, 
quadrature detection, and analog/digital conversion are 
performed to output the resultant signals (radio 
reception step SI). Radio reception step SI is executed 
by the antenna 1 radio reception unit 103i to antenna N 

10 radio reception unit 103n* 

Outputs from radio reception step SI are 
received to form reception becims (reception beam 
formation step S2). Reception beam formation step S2 is 
executed by the reception beam 1 formation unit 104i to 

15 reception beam M formation unit 104m. 

Outputs from reception beam formation step S2 
are received, and overall reception qualities 
corresponding to the path delays/reception beam numbers 
of user signals present in the reception beams are 

20 calculated to output user transmission beam numbers. 
User reception data are output using the path 
delays /reception beam numbers (user demodulation step 
S3). User demodulation step S3 is executed by the user 
1 demodulation block 105i to user L demodulation block 

25 105l. 

User transmission data are received, and a 
modulation process is performed to output modulated user 
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signals (user modulation step S4}. User modulation step 
S4 Is executed by the user modulation units llli to IIIl* 

The user transmission beam numbers and 
modulated user signals are received, and the modulated 
5 user signals are so output as to form transmission beams 
corresponding to the user transmission beam numbers 
(user transmission beeim switching step S5). User 
transmission beam switching step S5 Is executed by the 
user 1 transmission beam switching circuit 112i to user 

10 L transmission begun switching circuit 112l. 

Outputs from user transmission becun switching 
step S5 are received to form transmission beams 
(transmission beam formation step S6). Transmission 
beeun formation step S6 Is executed by the transmission 

15 beam 1 formation unit 113i to transmission beam J 
formation unit 113j. 

Outputs from transmission becun formation step 
S6 are received, and transmission processes such as 
digital/analog conversion of an Input signal, quadrature 

20 modulation, frequency conversion, and amplification are 
performed to output the resultant signals to the 
transmission antenna elements (radio transmission step 
S7). Radio transmission step S7 Is executed by the 
antenna 1 radio transmission unit 114i to antenna K 

25 radio transmission unit 114k and the transmission array 
antenna 115. 

In user demodulation step S3, path delays for 
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respective users are detected from outputs from 
reception beam formation step S2, and path delays, 
reception beam numbers, and the like are output 
(reception beam path detection step S31). Reception 
5 beam path detection step S31 Is executed by the 

reception beam 1 path detection unit IO61 to reception 
beam M path detection unit 106m* 

A path delay/reception beam number used for 
demodulation Is selected on the basis of pieces of 

10 reception quality Information of user signals 

corresponding to the path delays /reception beam numbers 
as outputs In reception beam path detection step S31 
(path delay/ reception beam selection step S32). Path 
delay/ reception beam selection step S32 Is executed by 

15 the path delay/reception beam selection unit 107. 

Demodulation is done using the path 
delay/ reception beam nvmiber notified in path 
delay/ reception beam selection step S32 (demodulation 
step S33). Demodulation step S33 is performed by the 

20 demodulation unit 110. 

The overall reception qualities of user 
signals for respective reception beams are calculated 
from pieces of reception quality information of the user 
signals corresponding to the path delays /reception beam 

25 numbers as outputs in reception beam path detection step 
S31 (reception beam calculation step S34). Reception 
beam calculation step S3 4 is executed by the reception 
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beam 1 calculation unit IO81 to reception beam M 
calculation unit 108m* 

A transmission beam Is selected on the basis 
of the pieces of overall reception quality Information 
5 of the user signals for respective reception beams that 
are notified in reception beam calculation step S34, and 
user transmission beam switching step S5 is notified of 
the selected transmission beam (transmission beam 
selection step S35). Transmission beam selection step 
10 S3 5 is executed by the transmission beam selection unit 
109. 

In reception beam calculation step S34, 
reception power is utilized as the index of the 
reception quality^ and overall reception power is 

15 calculated as the overall reception quality when the 
overall reception qualities of user signals for 
respective reception becuns are calculated from pieces of 
reception quality information of user signals 
corresponding to the path delays /reception beam numbers 

20 as outputs in reception beam path detection step S31. 

Further, in reception beam calculation step 
S34, SIR is utilized as the index of the reception 
quality, and the overall SIR is calculated as the 
overall reception quality when the overall reception 

25 qualities of user signals for respective reception beams 
are calculated from pieces of reception quality 
information of user signals corresponding to the path 
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delays/reception beam numbers as outputs In reception 
beam path detection step S31. 

Moreover, In reception beam calculation step 
S34, the overall reception qualities of user signals are 
5 calculated for respective reception beams using only the 
reception qualities of user signals corresponding to 
path delays /reception beeun numbers selected on the basis 
of a predetermined criterion when the overall reception 
qualities of user signals are calculated for respective 

10 reception beams from pieces of reception quality 

Information of user signals corresponding to the path 
delays /reception beam numbers as outputs In reception 
beam path detection step S31. 

In reception beam calculation step S34, P (P 

15 Is an Integer of 2 or more) upper path delays/reception 
beam numbers excellent In the reception quality of the 
user signal are selected from path delays /reception beam 
numbers selected on the basis of a predetermined 
criterion . 

20 In reception beam calculation step S34, a 

maximum of Q (Q Is an Integer of 2 or more) path 
delays /reception beam numbers with which the reception 
quality of the user signal satisfies a predetermined 
reception quality criterion are selected from path 

25 delays/reception beam numbers selected on the basis of a 
predetermined criterion. 

In reception beam calculation step S34, path 



- 43 - 



delays /reception beam numbers selected by the path 
delay/reception beam selection unit are used as path 
delays/reception beam numbers selected on the basis of a 
predetermined criterion . 

The effects of the above- described embodiment 
will be described. The present Invention can select an 
optimum transmission beam even In the multlpath 
environment because the overall reception qualities of 
user signals (user 1 signal to user L signal) for 
respective reception beams (reception beam 1 to 
reception beam M) are calculated, and a transmission 
beam in the same direction as that of a reception beam 
excellent in overall reception quality or in a close 
direction is selected. Hence, a good transmission 
characteristic and a high uplink and/or downlink channel 
quality can be achieved. 
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